The FRIS/P1NS hybrid integrates the LLNL-developed Field Radionuclide Identification System (FRIS) with the 1NEEL-developed Portable Isotopic Neutron Spectroscopy (PINS) chemical assay system to yield a combined general radioisotope, special nuclear material (SNM), and chemical weapons/explosives (CWE) detection and identification system. The PiNS system uses a neutron source and a high-purity germanium v-ray detector. The FRIS system uses an electromechanically cooled germanium detector and its own analysis software to detect and identify SNM and other radioisotopes. The FRJS/P1NS combined system also uses the electromechanically-cooled germanium detector. There is no other currently available integrated technology that can combine an active neutron interrogation and analysis capability for CWE with a passive radioisotope measurement and identification capability for SNM.
INTRODUCTION
The Portable Isotopic Neutron Spectroscopy System (PINS) was developed for non-destructive evaluation ofsuspect chemical warfare material."2 PINS performs its evaluation by neutron activation analysis. A neutron source bombards the chemical weapon or explosive material. High-energy gamma rays which arise from capture or inelastic scattering reactions within the material are then emitted from the chemical weapon or explosive material. A high purity germanium (HPGe) crystal is used to detect these characteristic gamma rays. A software package performs analysis on the y-ray spectrum and makes a determination about what, ifany, chemical weapon or explosive material is present. The portability of the PINS system is limited by the constraints of cooling the germanium detector with liquid nitrogen.
The Field Radionuclide Identification System (FRJS) was developed independently to identify any radioactive material.3 FRIS uses an electromechanically cooled germanium detector (EMC HPGe) to detect passive y-ray emissions. The EMC HPGe detector makes the system completely portable for long periods oftime and significantly easier to deploy than systems which use liquid-nitrogen cooled germanium detector technology. The software associated with FRIS is a general purpose software identification package that has been tested extensively with liquid nitrogen cooled germanium detectors. 4 The software allows identification ofany radioactive material or mixture ofradioactive materials. Both the PiNS and FRTS systems require the high-resolution y-ray spectroscopy that is possible with high purity germanium detectors. A briefdescription ofhigh-purity germanium detector capabilities is given in Appendix A.
PiNS and FRIS have both been successfully field tested, and PINS has been extensively used for munitions identification.5'6 Because both systems require only a germanium detector with a portable computer, the two systems can be combined to provide a complete general radioisotope, special nuclear material, and chemical weapons/explosives detection and identification system. The final system will consist of the electromechanically cooled HPGe detector and the computer with one software package for data analysis.
DESCRIPTION OF THE TWO SYSTEMS
A. PINS
Neutrons from a radioisotopic 252Cf source or from an ion tube neutron source7 are used to interrogate the contents of chemical weapons/explosives material or a munition. Neutrons pass through the container material and are captured or scattered by the nucleus ofone ofthe chemical elements within the munition. Capture reactions (n,y) and inelastic scattering reactions (n,n'y) take place within the nuclei ofthe atoms that make up the chemical weapons material. The nuclei then emit high-energy gamma rays which are characteristic of the chemical element. The item under test is not opened or drilled, and direct sampling and laboratory chemical analyses are unnecessary. A high-purity germanium (HPGe) detector detects gamma rays including those of interest that are from capture reactions or inelastic scattering. The detector is protected from direct exposure to the neutron source by a tungsten shield. Fig. 1 shows a good measurement setup including the 252Cf source, the tungsten shadow shield blocks, the 'y-ray collimator, and the HPGe y-ray detector.
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Modmittor Fig. 1 . Experimental measurement setup for the PINS system. The 252Cf source emits neutrons, which penetrate the container to illuminate the chemical weapon material. Tungsten shadow blocks protect the germanium detector from direct exposure to neutrons.
PiNS is designed for field assessments of a wide variety of munitions and containers. Chemical elements within the munition are identified from the y-ray data. The contents ofthe assayed items have varied from muddy water to CW agents including nerve agents GA, GB (sarin), and VX; blister agents HD (mustard gas), IIN, HS and L (lewisite) and the blood agent CK.2 Military explosives are relatively rich in nitrogen, and several chemical warfare agents contain chlorine, notably the blister agents mustard gas and lewisite. All nerve agents contain phosphorus. Smoke munitions may contain phosphorus or chlorine, but in grossly different elemental ratios from munitions filled with chemical warfare agents.5'6
The PINS system can identify the fills of most munitions in 1000 seconds or less, depending on the fill and size of the munition. PINS sensitivity is the highest for the various smoke fills, followed by the CW agents that contain chlorine, and then by CW agents that contain phosphorus. PINS is least sensitive to explosive-filled items because of the relatively low neutron cross section of nitrogen, the key element for identification of explosives.
PINS sensitivity is greater for large munitions than for small items. Sensitivity is higher for thin-walled items, such as mortar projectiles, than for thick walled artillery projectiles of the same fill type and volume. Sensitivity can, of course, be improved with increased assay time.
Each chemical element which undergoes a capture or inelastic scattering reaction emits gamma rays of well-known energies associated with the specific reaction which has occurred. The PINS spectrum analysis routine rechecks the energy calibration, identifies all of the 'y-ray peaks in the spectrum and determines which chemical elements are present. The relative abundances of the chemical elements in the material are determined by the relative peak intensities associated with each y-ray line. The PINS software then executes a decision-tree logic pathway to determine the item's fill.
B. FRIS
The FRIS system, which couples the electromechanically cooled detector with general purpose 'y-ray analysis software, was originally developed for US Customs to provide the ability to rapidly differentiate between special nuclear material (SNM) and other radioactive materials being transported through tJ.S. ports of entry. The system identifies radioactive material and places it within one of three categories: SNM, industrial isotopes, or medical isotopes. The system is compact, portable, and capable of battery operation. High-resolution 'y-ray spectrometry provides improved discrimination from materials with similar composition to CWE or SNM that are shipped legitimately throughout the world.
The electromechanically cooled detector is a self-calibrating, active-vibration-control led electromechanical cooler coupled to a commercially available germanium detector. It is the active-vibration control system that reduces the vibration to tolerable levels. Further details about the EMC HPGe detector can be found in Ref. 8 . Figure 2 shows one of the recently built EMC HPGe detectors. This detector system is portable, requires little or no maintenance, is low power consuming and has a long operational life. The software and control system for FRIS operate on a Windows platform with a Visual Basic user interface. The time to process the data and to identif' the radioisotopes is dependent on the strength of the source, distance between source and detector, and whether any shielding is present. For average sized sources found in standard field scenarios, 30 seconds is sufficient for data collection followed by a short time (5 -10 seconds) to perform the analysis and display the results. The user interface reports either special nuclear material, industrial, medical radioisotopes, or nothing to report. The user can click on any of these for further information regarding specific isotopes and confidence of reporting. Figure 3 shows the FRIS visual basic interface. Fig. 3 . FRIS user interface. The user clicks on the start button, and the data is collected and automatically analyzed. If the user clicks on SNM, Industrial, Medical, or Others, the computer will display which of the chemical elements were detected by the detection system.
DATA
The first step in the integration ofthe P1NS/FRIS systems was to verify that the electromechanically cooled detector would take data with sufficient resolution so that the PINS software could analyze that data. Introduction ofthe electromechanically cooled detector into the PINS system allows freedom from the requirements ofliquid nitrogen. Measurements were made with mustard gas (HE)) simulant. The experimental setup was the same as shown in Fig. 1 but with the EMC HPGe detector. For this test, the EMC HPGe detector was a 74% detector with resolution of2.5 keV at 1332 keV (60Co). Measurements with a LN cooled detector were made on the same day to insure a fair comparison. The LN cooled detector used was a 52% detector and had a 2.4 keV energy resolution at 1332 keV. The measurements were made with about 40% dead time and data were collected for a total live time of 1000 seconds.
Figs. 4, 5 and 6 each show the results ofthe y-ray energy spectra for the mustard gas simulant collected with an EMC HPGe detector and a liquid nitrogen cooled HPGe detector. Fig. 4 shows the 900 -1400 keV energy range, Fig. 5 shows the 1700 -2300 keV energy range, and Fig. 6 shows the 4800 -5500 keV energy range. It is important to note the strong similarities between the LN cooled detector spectra and the EMC detector spectra. The only noticeable difference between the spectra collected with the EMC HPGe and the LN cooled HPGe is that the peak-to-background ratio is better for the LN cooled detector. The PINS software package correctly identified mustard gas for both tests.
As described in Figs. 4-6 , the spectra clearly show the presence of chlorine and hydrogen, as well as aluminum, iron and silicon. Ofparticular interest in the identification ofmustard gas are the chlorine peaks at 1164, 1950 and 1959 keV, and the hydrogen peak at 2223 keV. iL 4800 4900 5000 5100 5200 5300 5400 5500
Gamma-ray Energy (keV) Gamma-ray Energy (keV) Fig. 6 . Mustard gas simulant in the 4800 -5500 keY energy range detected by the a) EMC HPGe detector and the b) liquid nitrogen cooled HPGe detector. A Cl peak can be seen at 4980 keV, a Cl double escape (DE) peak from the 6111 keV gamma ray can be seen at 5089 keY, a Cl single escape (SE) peak from the 5715 keV gamma ray is present at 5204 keV. Additionally, a SE from Fe at 5920 keV can be seen at 5409 keV.
DISCUSSION
Our preliminary measurements indicate that the energy resolution ofthe electromechanically cooled germanium detector is sufficient for the PiNS software to correctly analyze data. Our next set oftests will include explosives, and actual chemical agents instead of simulants. Typically, explosive material is the most difficult to accurately identif'. This is due to the low neutron-capture cross section ofthe nitrogen element; reliable identification ofthe nitrogen (n,y) lines is necessary for accurate identification of explosives.
We will next evaluate further integration ofFRIS and PiNS by selecting a software package that will analyze both the 'y-ray data from radioactive material as well as the neutron induced radioactivity in PINS. One possibility is to use the current FRIS software for both chemical weapons/explosives and radioactive material identification. This will involve the development of an appropriate GAMANAL library and verification ofthe proper and adequate analysis ofthe (n,i) and (n,n"y) lines used in the PINS analysis. Another possibility is to use the Livermore-developed code GRPANL.9 The PINS software would ideally be modified to remove the present requirement ofthe strong Fe signature for calibration.
There are several additional features which would be desirable for the P1NS/FRIS hybrid instrument. These modifications would improve its applicability for counter-terrorism applications. They are not required for the instrument to work, but would be most helpful for operation by personnel who do not have extensive detector technology training. These would include automated hardware setup and simplified operation of the software. For the simplified operation ofthe software, we need to develop a software shell with a graphical user interface to facilitate PINS/FRIS selection and to perform a set ofoperational checks and verifications. These operational checks can include: absorber, collimator, and shielding verification, as well as a check of neutron source presence or absence. 100 4800 4900 5000 5100 5200 5300 5400 5500
We will need to test the hybrid system to verify proper operation ofboth types ofanalyses in the hybrid instrument. We will also need to test a long digital communication line from the detector system to the computer. 
